The purpose of this report was Re-entry V-A, the A-V time was not measured on the basis of local ventricular electrograms recorded from the same point as used for ventricular stimulation during V-A measurements. The A-V time was measured either from the onset of the P wave or the atrial electrogram to the onset of the QRS. The latter, i.e., the point of onset of ventricular depolarization during antegrade conduction (normal sinus rhythm or atrial pacing) and during the artificial ventricular stimulation, in all probability are not the same. Therefore, a comparison of bidirectional conduction times, i.e., A-V and V-A, in these studies, may not be valid.
V-A, the A-V time was not measured on the basis of local ventricular electrograms recorded from the same point as used for ventricular stimulation during V-A measurements. The A-V time was measured either from the onset of the P wave or the atrial electrogram to the onset of the QRS. The latter, i.e., the point of onset of ventricular depolarization during antegrade conduction (normal sinus rhythm or atrial pacing) and during the artificial ventricular stimulation, in all probability are not the same. Therefore, a comparison of bidirectional conduction times, i.e., A-V and V-A, in these studies, may not be valid.
Furthermore, the previously published data have the following drawbacks: a) the V-A time measured during spontaneous ventricular depolarization, ventricular tachycardia, or ventricular pacing was usually compared with the P-R interval (or A-V time) during normal sinus rhythm; b) the A-V and V-A times were usually not compared at identical atrial and ventricular rates, respectively; c) the conclusions have been based on studies in a limited number of patients with intact A-V and V-A conduction. To the best of NARULA our knowledge, this the first published report in which a systematic analysis of A-V conduction by His bundle recordings has been made in a significant number of patients, with the exception of our preliminary report. 15 The purpose of the present study is to present data in 124 patients, without antegrade pre-excitation, who during His bundle recordings, exhibited bidirectional, i.e., both antegrade and retrograde, impulse conduction. The A-V and V-A times were analyzed via bipolar local atrial and ventricular electrograms and compared at several pacing cycle lengths.
Methods and Materials
Antegrade and retrograde conduction were analyzed during diagnostic His bundle (BH) recordings. Data from 124 consecutive patients (out of a total of 408 patients) in whom bidirectional, i.e., both A-V and V-A, conduction was observed are presented in this study. These patients ranged in age 32-89 years with a mean age of 64 + 13 years (tables 1 to 4, Appendix). Patients with evidence of functional antegrade bypass fibers, either on the standard electrocardiogram or during His bundle recordings, were not included in this study. The QRS duration was normal (S 0.10 sec) in 78 and was abnormal (_ 0.11 sec) in 46 patients. The P-R interval during normal sinus rhythm was normal in 113, prolonged in ten and second degree type I A-V block was observed in one patient. The specific electrocardiographic abnormalities and cardiac medications are given in the Appendix. None of the patients had had a recent myocardial infarction, i.e., within eight to ten weeks prior to the study, nor were any in the immediate postoperative period.
All patients were studied in the postabsorptive state and were premedicated with 100 mg of pentobarbital (Nembutal), administered intramuscularly 30 min prior to the study. An informed consent was obtained in each patient.
A size 5F bipolar pacing electrode catheter (with ring electrodes 1 mm wide and 1 cm apart) was introduced percutaneously via a femoral vein and placed in the right ventricular (RV) apex. Another similar bipolar electrode catheter was introduced via an arm vein and positioned in the high right atrium (RA) in the region of the sinus node. Local bipolar electrograms (BE) were recorded from the high RA and the RV apex simultaneously with three ECG leads (I, aVF and Vj). The standard ECG leads and the bipolar electrograms were displayed at frequency settings of 0-20 Hz and 40-500 Hz, respectively. All recordings were made at paper speeds of 100 mm/sec. During comparison of A-V and V-A times, one chamber was stimulated and BE were recorded from the opposite chamber. Keeping the catheter electrode position constant, the chambers of stimulation and BE recording were then reversed. The catheter positions were fluoroscopically monitored and kept constant throughout in each study. This enabled an accurate measurement and comparison of bidirectional conduction (A-V and V-A) times between two constant localized areas in the RA and RV.
In the initial portion of the study the stimulus strength and the pacing sites within each chamber were changed to assess the effect of these factors, but no difference was observed in comparing A-V and V-A conduction times when the sites of BE recordings and stimulation were kept constant in both directions. Both RA and RV were stimulated at identical cycle lengths with stimuli 2 msec in duration at twice the diastolic threshold (usually 2-3 mA). Pacing was started at an initial rate higher than the control sinus rate by 10 beats/min. The pacing rate was progressively increased in steps of 10 beats/min until a cycle length of 400-330 msec was reached or until 2°A-V or V-A block occurred. Pacing was maintained for 15 sec at each level before changing to the next level. The above pacing sequence was completed in a brief period, usually lasting five minutes or less.
The measurements of A-V and V-A times were compared and made at each cycle length from the pacing impulse applied in one chamber to the local bipolar electrogram recorded from the opposite chamber (RV or high RA) via the electrode catheters. The first rapid deflection of the local electrogram was used as a point of measurement. The cycle length at which second degree block occurred in both directions (A-V and V-A) was also noted. The range of error in measurement was ± 3 msec. In some of the patients, the pacing levels were repeated to evaluate the reproducibility of the data which was found to be consistent.
His bundle recordings were obtained, as described previously, to analyze antegrade and retrograde conduction."6 17 The site of block, when observed during atrial or ventricular pacing, was determined by BH recordings. During pacing at more rapid rates, the occurrence of antegrade block was always manifested by an abnormal A-H interval (A-V node), the H-V time remaining constant throughout in each patient. Similarly, during failure in V-A transmission at faster rates, the concept of retrograde concealed conduction was utilized to determine the site of V-A block.'8 During ventricular pacing and V-A block, retrograde impulse penetration of the A-V node was indicated when the subsequent atrial impulse was either conducted with a prolonged A-H time or completely blocked proximal to the BH. Absence of retrograde partial penetration of the A-V node was suggested by a lack of A-H lengthening in the subsequent atrial impulse transmitted in antegrade direction.
No arrhythmias or other complications occurred in any patient either during or following the stimulation studies.
Results
On the basis of a comparison between V-A and A-V conduction times, at identical cycle lengths, all the patients in this study have been classified into the following four groups:
Group A (45 patients). The V-A conduction time was longer than A-V conduction time throughout at each pacing rate in all except seven patients in this group ( fig. 1 ). In these patients, V-A interval became longer than the A-V interval at pacing rates higher than the initial rate. The mean V-A and A-V intervals at identical, initial pacing rates (mean pacing cycle length = 700 msec) were 225 ± 49 and 187 ± 35 msec, respectively; whereas at the highest paced rates, prior to block in either direction, the intervals were 287 ± 54 and 225 ± 42 msec, respectively. Thirtyeight patients exhibited block in retrograde direction at pacing rates that were slower than the rates at which antegrade block was manifested (table 1). In the remaining seven patients no block was observed in Circulation, Volume 50, December 1974 either direction up to the highest paced rate.
The control mean P-R, A-H and H-V times in this group ranged 164 ± 40, 76 + 15 and 50 ± 9 msec, respectively. The normal range for A-H and H-V times in our laboratory is 50-120 msec and 35-45 msec, respectively. The P-R interval was prolonged (220 msec) in only one patient and the delay was localized in the A-V node (A-H = 145 msec). The H-V time was prolonged (2 50 msec) in 22 and the QRS complex was abnormal (2 110 msec) in 20 of the 45 patients.
Group B (11 patients) . In these patients the V-A interval was equal to the A-V interval ( . 2 ).
In the remaining 16 patients block was not seen in either direction up to the highest paced rate. It is to be pointed out that the pacing rate at which retrograde block developed was independent of the magnitude of increments and total retrograde conduction time, i.e., the V-A conduction time at the pacing level just prior to the block was shorter and not equal to the A-V conduction time at the pacing rate just preceding the A-V Eight of the 19 patients in this group gave a history of palpitations and showed electrocardiographic evidence of paroxysmal supraventricular tachyeardias. One of these patients (Case 124) showed bouts of junctional tachycardia (JT) with interspersed frequent premature ventricular depolarizations (PVD). Electrophysiological studies revealed that the V-A time was significantly shorter than the A-V time (190 versus 260 msec) and remained essentially unchanged up to a pacing rate of 150 beat/min, maintaining a 1:1 V-A conduction ( fig. 4) . Junctional tachycardia, similar to the spontaneous tachycardia, could be initiated and terminated by a properly timed coupled PVD (fig. 5 ). The initiation of JT was not preceded by an increase in V-A time and suggests that a dual A-V nodal pathway was not utilized for reciprocation. In this case the sequence of atrial excitation during retrograde activation is different as compared to that of antegrade and the change is not due to catheter movement as the sequence of activation remained constant throughout ( fig. 5 ). This suggests the probable existence of an anomalous site of impulse entrance into the atria consistent with V-A transmission occurring through retrograde bypass fibers of the A-V node.
It is obvious from the above that in the majority of the patients in this series (patients with intact V-A conduction), the A-H time was usually in the range of the lower limits of normal (50-80 msec). The H-V time varied, however, with an almost equal number of patients with normal times as those with abnormal times. Similarly, the QRS complex S 100 msec in approximately two/thirds of the patients and showed no definite correlation with the presence of V-A conduc- functioning only in a retrograde fashion and indicate retrograde "pre-excitation." Retrograde impulse penetration into the A-V node was localized when V-A block occurred at rapid ventricular rates. This suggests that simultaneous retrograde impulse transmission does occur at least into and possibly through the A-V node at some stage, although not preferentially, and is still consistent with the proposed presence of bypass fibers.
It is possible that the incidence of the retrograde bypass pathways is higher than 15% (group D) as with advancing age (mean age, 64, in our group) bypass fibers, along with the normal A-V pathway, may be impaired. The possibility of V-A transmission through retrograde bypass fibers in some group C patients, similar to group D, is suggested by a shorter V-A and a minimal lengthening (10-20 msec) in retrograde time with increasing rates, possibly due to intramyocardial delays ( fig. 2) .
Studies by Kistin et al. are in agreement with our findings.7 In five (33%) of their 15 patients the V-A time (R-P), though not measured via local bipolar electrograms, was shorter than the A-V (P-R) interval. Kistin retrograde fashion cannot be excluded.26 Retrograde pre-excitation may also be explained by A-V nodal bypass fibers functioning exclusively in retrograde fashion.27 Our data reinforce previous clinical observations that intact A-V conduction is not always essential for the presence of V-A conduction.' 6, 9 Our study also shows that intact A-V conduction with a shorter A-V nodal conduction time (A-H = 50-80 msec) increases the chances of intact V-A.28 In the present series of 124 patients, only ten had mild prolongation of the P-R interval and one had second degree A-V block in the A-V node. The mean A-H time (80 ± 21 msec) in our series was near the lower range of normals. Conduction time through the His-Purkinje system (H-V) or the QRS complex duration could not be correlated with intact V-A conduction. The above views are in agreement with another previous study from this laboratory"8 which showed that in patients with absent V-A conduction (with or without intact A-V conduction) that the A-V node was the usual site of V-A block. It was suggested that intact conduction through the A-V node and main His bundle was essential for V-A to occur.'8 The latter seems reasonable if it is assumed hat V-A impulse transmission occurred through the same pathway as A-V conduction. However, our present data suggest that V-A may be transmitted either through the same pathways as the A-V conduction or through independent unidirectional bypass pathways. (fig. 2) ; c) the group D patients in whom V-A time remained constant throughout despite a significance increase in ventricular rate (figs. 3, 4) . The absence of an increment in V-A time at faster rates is indicative of impulse transmission through tissues unlike the A-V node, with a constant conduction velocity and most probably via independent bypass fibers. Accordingly, there is compelling evidence that in some patients V-A conduction may occur preferentially independent of the A-V node and through separate bypass pathways. When the latter pathways are slower or not functioning, V-A conduction may occur through the same common pathway as the A-V conduction.
It may be argued that the findings in group D patients may be explained on the basis of a functional dual A-V pathway (a and ,B) through the A-V node. 30 Dual pathways have been hypothesized to explain the "echo" phenomenon. It was suggested that impulse transmission in retrograde fashion occurs through a slower (a) pathway with a shorter refractory period and in antegrade direction via the faster (,B) pathways but with a longer refractory period. However, the retrograde "pre-excitation" in our patients (group D) cannot be explained on this basis. In complete contrast to the proposed characteristics of dual pathways, in our patients a) the V-A conduction time was shorter than A-V conduction time and retrograde block developed at slower rates as compared to antegrade; block; b) V-A conduction time was constant throughout, irrespective of rate. Several previous reports have indicated that a lengthening in V-A time is essential for reciprocation to occur.3, 19, 30 Present data clearly demonstrate that an increment in V-A time (in patients without evidence of antegrade bypass fibers but with retrograde pre-excitation) is not always a necessary prerequisite for the phenomenon of reciprocation ( fig. 5 ).
It has been well documented in previous reports that in some patients with Wolff-Parkinson-White syndrome (WPW) the bypass fibers may be functional in both directions (A-V and V-A) with similar or dissimilar conduction capabilities and refractoriness, whereas others transmit in antegrade fashion only, without retrograde conduction. 21 22,31 Our data in group D patients demonstrate the existence of unidirectionally functional retrograde bypass fibers with retrograde "pre-excitation." These observations provide a unified concept to the spectrum of accessory pathways and the "pre-excitation" syndrome, i.e., functioning 1) in both antegrade and retrograde directions; 2) in antegrade fashion alone; and 3) in retrograde direction only. The first and second types manifest a classical electrocardiographic pattern of WPW whereas the third type is not obvious on the electrocardiogram. The latter may be suspected by history of frequent bouts of palpitations but can only be documented by electrophysiological studies. Our findings are in agreement with recent studies by others. 14, 26 In summary, the present study shows that V-A conduction is not transmitted in the same fashion in all patients and exposes the clinical myth that V-A conduction time is usually longer than the A-V conduction time. Our data a) suggest that V-A cannot be predicted with certainty on the basis of clinical or ECG findings or analysis of A-V conduction intervals; b) show that in a majority of the patients, V-A conduction time is independent of A-V conduction time; c) demonstrate in patients without evidence of the WPW syndrome, the presence of bypass pathways of the A-V node, functional in retrograde direction only, and d) suggest the frequent occurrence of palpitations and supraventricular arrhythmias in group D patients with retrograde "pre-excitation." These data may be of some clinical significance in interpretation and management of arrhythmias.
